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A ghost dark energy model has been recently put forward to explain the current accelerated 
expansion of the Universe. In this model, the energy density of ghost dark energy, which comes 
from the Veneziano ghost of QCD, is proportional to the Hubble parameter, pn = aH. Here a is a 
constant of order Aq CD where Aqcd ~ 100A/ eV is the QCD mass scale. We consider a connection 
between ghost dark energy with/without interaction between the components of the dark sector 
and the kinetic k-essence field. It is shown that the cosmological evolution of the ghost dark energy 
dominated Universe can be completely described a kinetic k-essence scalar field. We reconstruct the 
kinetic k-essence function F(X) in a flat Friedmann-Robertson- Walker Universe according to the 
evolution of ghost dark energy density. 
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I. INTRODUCTION 

Nowadays, there is little doubt that the Universe is 
currently undergoing an acceleration of its expansion. 
This is supported by the overwhelming evidence pro- 
vided by cosmological observations from Type la su- 
pernovae (SN la) Q, Cosmic Microwave Background 
(CMB) anisotropies measured with the WMAP satellite 
0I, Large Scale Structure H, weak lensing Q and the 
integrated Sach- Wolfe effect j5|. In order to explain why 
this happens, it is usual to postulate the existence of a 
substance, dubbed dark energy (DE), that behaves as if it 
had negative pressure and is responsible for this present 
cosmic acceleration. See @, Q for a recent reviews on 
DE models. Nevertheless, the underlying physical mech- 
anism behind this phenomenon remains unknown what 
has led to explore other possibilities such us the quantum 
cosmic model @ or f(R) theories |{|. 

A new model of DE, under the name of Veneziano 
ghost dark energy (GDE), has been recently proposed 
jiol [llj . Veneziano ghost is supposed to exist for solv- 
ing the U (1) a problem in low-energy effective theory of 
QCD [U2h16| |. although it is completely decoupled from 
the physical sector [131 ■ The central point in the GDE 
model is that the Veneziano ghost, being unphysical in 
the QFT formulation in the Minkowski spacetime, ex- 
hibits important non-trivial physical effects in an expand- 
ing Universe such as our Friedmann-Robertson- Walker 
(FRW) Universe, or in a spacetime with non-trivial topo- 
logical structure. These effects are naturally small and 
give rise to a vacuum energy density pn ~ Aq CD H ~ 
(10 -3 eV) 4 , where Aqcd is the QCD mass scale and H 
is the Hubble parameter [TO]- With A QC d ~ lOOMeV 
and H ~ 10 _33 eV, this small vacuum energy density has 
precisely the right value to be the driving force acceler- 
ating the Universe today [l(3, EH EH • This remarkable 
coincidence implies that the GDE model is free from the 



fine tuning problem |10L In addition, the appear- 

ance of the QCD scale could be relevant for a solution to 
the cosmic coincidence problem, as it may be the scale 
at which dark matter (DM) forms |2(j. In general, it 
is very difficult to accept such a linear behaviour in the 
energy density because QCD is a theory with a mass 
gap determined by the scale ~ lOOMeV. Therefore, it 
is generally expected that there should be exponentially 
small corrections rather than linear corrections ~ H . In 
Refs. f2lH23j this question has been elaborated in detail 
where it has been argued that the linear scaling ~ H is 
due to the complicated topological structure of strongly 
coupled QCD, not related to the physical massive prop- 
agating degrees of freedom. The advantage of the GDE 
model, when compared to other DE models, is that the 
DE can be totally explained within the standard model 
and general relativity, without resorting to any new field, 
new degree(s) of freedom, new symmetries or modifica- 
tions of gravity [llj]. The thermodynamics of the GDE 
model has been studied in 25| . Furthermore, the GDE 
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model has been fitted with current observational data in- 
cluding SNIa, BAO, CMB, BBN and Hubble parameter 
and although it was found that the current data do not 
favour the GDE model when compared to the ACDM 
model [H| , the result is not conclusive and further study 
is needed. We also note that models with similar terms 
in the Friedmann equation were introduced some time 
ag^in^ frames of inhomogeneous or imperfect fluids (sec 

One clarification is in order since there are some dark 
energy models where the ghost plays the role of dark 
energy (see, e.g., (24|) and becomes a real propagating 
physical degree of freedom subject to some severe con- 
straints. However, the Veneziano ghost is not a new 
physical propagating degree of freedom and therefore the 
GDE model does not violate unitarity, causality, gauge 
invariance and other important features of renormaliz- 
able quantum field theory, as advocated in l2lTt23l . At 
the same time, it has been emphasized in |10t 1 1 II ] , and 
especially later in [2lH23| . that in fact the description of 
GDE in terms of the Veneziano ghost is just a matter 
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of convenience to describe very complicated infrared dy- 
namics of strongly coupled QCD. One can describe the 
same dynamics using some other approaches (e.g. direct 
lattice simulations) without using the ghost. 

On the other hand, as is well known, scalar field models 
arc an effective description of an underlying theory of DE. 
From a given equation of state (EoS) describing a fluid, a 
scalar held model can be derived (see e.g. [l9| ). This cor- 
respondence, however, is not in general one to one: scalar 
fields have an extra degree of freedom and therefore show 
a dynamics that is more involved. The question is to 
what extent the model admits a solution that acts as an 
attractor, so that it can mimic the fluid evolution thereby 
avoiding a strong fine tuning problem that would render 
the model useless. Scalar fields are popular not only be- 
cause of their mathematical simplicity and phenomeno- 
logical richness, but also because they naturally arise in 
particle physics including supersymmetric field theories 
and string/M theory. However, these fundamental theo- 
ries do not predict their potential V((f>) or kinetic term 
uniquely. Our aim is to investigate whether a minimally 
coupled scalar field with a specific Lagrangian can mimic 
the dynamics of the GDE model so that this model can 
be related to some fundamental theory, as it is for a scalar 
field. For this task, it is then meaningful to reconstruct 
the V{4>) or the kinetic term of a DE model possessing 
some significant features of the underlying theory of DE, 
such as the GDE model. In order to do that, we establish 
a correspondence between the scalar field and the GDE 
by identifying their respective energy densities and equa- 
tions of state and then reconstruct the potential (if the 
scalar field is quintessence or the tachyon, for instance) 
or the kinetic term (k-essence belongs to this class) and 
the dynamics of the field. Some work has already been 
done in this direction. Quintessence and tachyonic GDE 
models have been discussed in [29[ and [3(J , respectively. 
In this paper, within the different candidates to play the 
role of the DE, we have chosen the kinetic k-essence, as 
this has emerged as a possible source of DE [3l], [HJ where 
the cosmic acceleration can be realised by the kinetic en- 
ergy X of the field </>. For instance, the correspondence 
between the kinetic k-essence field and the holographic 
DE model was already explored in (33j . Quintessence and 
tachyonic models belong to k-essence. In k-essence, the 
higher order terms are not necessarily negligible which, 
interestingly, can give rise to new dynamics not possi- 
ble in quintessence. Every quintessence model can be 
viewed as a k-essence model generated by a kinetic lin- 
ear function. On the other hand, the tachyon model is 
classified as k-essence because it belongs to a class of 
the action for the k-essence. However, in the sense that 
the kinetic energy of the tachyon needs to be suppressed 
to realise cosmic acceleration, this scenario is different 
from k-essence. Finally, an advantage of purely kinetic 
k-essence Lagrangians, thanks to its technical natural- 
ness as from a shift symmetry, is that possess a single 
degree of freedom, C = F(X), like quintessence. 

The rest of the paper can be outlined as follows. In the 



next section we reconstruct the kinetic k-essence GDE 
model in the light of the GDE. In section III we extend 
the study to the interacting GDE model by using the 
latest data from observations. The conclusions are drawn 
in Sec. IV. 



II. KINETIC K-ESSENCE GHOST DARK 
ENERGY MODEL 

Let us start with a spatially flat FRW Universe filled 
with a matter component and GDE. The Friedmann 
equation, which governs its dynamics, reads 
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where p m is the energy density of pressureless DM and 
is the GDE density. 
By introducing the dimcnsionless density parameters 
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where p cr — 3AIpH 2 is the critical energy density, the 
Friedmann equation can also be written as 



Q TO + flo — 1. 
Equivalently, Eq. ([!} can be expressed as 
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where z — (1/a) — 1 is the redshift and Hq and Q m ,o are 
the current values for H and fi m . 

The GDE density is proportional to the Hubble pa- 
rameter 

Pd = ceH. (5) 

where a is a constant of order Aq CD and Aqcd ~ 
lOOMeV is the QCD mass scale. 

The conservation equations are given by 
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If we now take the time derivative of the GDE density 
([5|) and use the Friedmann equation we arrive at 
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is the ratio of the energy densities. By substituting the 
relation (jSJ into the continuity equation ([7]). and after 
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FIG. 1: The evolution of the equation of state, wd, for the 

, , , , j , FIG. 2: The evolution of S2d for the ghost dark energy 

ghost dark energy model. ° &J 



using © we get the dynamical equation of state (EoS) 
of GDE 
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At early times, when the DE is negligible, £Id <C 1, 
we have ui£> = —1/2. On the other hand, at late times, 
DE dominates, Q/j — > 1, and the GDE behaves as a cos- 
mological constant with u)£> = — 1 entering the de Sitter 
phase in the far future. The SN la observations have pro- 
vided information of the cosmic expansion history around 
the redshift z < 2 by the measurement of luminosity dis- 
tances of the sources, which is also the range spanned by 
direct measurements of the Hubble parameter. There- 
fore, we plot all the figures in this paper in the redshift 
range between z = and z = 2. In Fig. 1 the evolution 
of wd is shown as a function of z. It is clear to see that 
wd evolves in the region w > —1, so the GDE model 
cannot realise the phantom crossing. It is important to 
mention that in this model, unlike other models of DE, 
the evolution of wd is completely determined by the dy- 
namics of CtD- We notice that w(z = 0) = w ~ —0.78, 
which is 2a off according to WMAP [3J|. However, our 
equation of state is dynamical so this statement is sig- 
nificantly weakened in this case. Indeed, WMAP in this 
case only measures the integrated equation of state from 
last scattering to now, which does not provide much in- 
formation on its effective time dependence 35| . Further- 



more, the usual ansatz for the linear redshift dependence, 
w{z) = wq + w a (l — a), does not necessarily provide a 
good fit for the behaviour shown in Fig.l. 

If we now take the time derivative of Od = a/ (SMpH), 
we get &d = —H(l + z)^ 2 - which allows us to get 
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Combining the Fricdmann equation with Eqs. §§§ and 
(TTU)) we obtain the differential equation that governs the 



whole dynamics of the GDE [3 
dQ,D 3 
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In Fig. 2 we have plotted the evolution of £Id as a 
function of z, where Hd.o = 0.72 is the value of O^ at 
the present epoch. It can be seen that DE dominates at 
late times. 




FIG. 3: The evolution of the deceleration parameter, q, for 
the ghost dark energy model. 

We can also compute the deceleration parameter 
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where Eqs. (fTTj) and (p~2|) have been used after the second 
equal sign. The deceleration parameter q develops from 
\ at early times, when O^ <C 1, to —1 at late times when 
DE dominates and O^ — > 1. The behaviour of q is plot- 
ted in Fig. 3 where the transition from deceleration to 
acceleration is seen to occur at z ~ 0.56. Also, when we 
take CId o = 0.72, the value of the deceleration parameter 
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at the present era is q ~ —0.34, well in agreement with 
recent observational data f37j . 

We are now ready to establish the correspondence be- 
tween GDE and the kinetic k-essence scalar field. As a 
DE candidate, k-essence [U HH, HH is usually denned as 
a scalar field cf> with a non-canonical kinetic energy asso- 
ciated with a Lagrangian C = —V((f>)F(X), where V is 
the potential and X = ^d^d^cf) is the kinetic term. In 
the case of the k-essence scalar field, the negative pres- 
sure that explains the accelerated expansion arises out of 
modifications to the kinetic energy. 

K-essence models are described by an effective min- 
imally coupled scalar field with a non-canonical term. 
If for a moment we neglect the part of the Lagrangian 
containing ordinary matter, the general action for a k- 
cssence field <fi minimally coupled to gravity is 



S — or 



(14) 



where Fk((j>,X) is an arbitrary function of <fi and its ki- 
netic energy X. A possible motivation for actions of this 
form comes from considering low-energy effective string 
theory in the presence of a high-order derivative terms. 

In what follows, we shall work with the simple k- 
essence models for which the potential V = Vq = con- 
stant [39j . We also assume that Vq = 1 without any 
loss of generality. One reason for studying k-cssence 
it that it is possible to construct a particularly inter- 
esting class of such models in which the k-essence en- 
ergy density tracks the radiation energy density during 
the radiation-dominated era, but then evolves toward 
a constant-density DE component during the matter- 
dominated era. Such behaviour can to a certain degree 
solve the coincidence problem [3l|, HU, [38J. Because of 
this dynamical attractor behaviour, the cosmic evolution 
is insensitive to initial conditions. Another feature of 
k-essence is that it changes its speed of evolution in dy- 
namic response to changes in the background equation of 
state. 

We now restrict ourselves to the subclass of kinetic 
k-essence, with an action independent of (j) 



-gF{X), 
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The consideration of constraints on purely kinetic k- 
essence models from the latest observational data by ap- 
plying model comparison statistics (F-test, AIC Cl and 
BIC) has found that these models are favoured over the 
ACDM by the combined data [H] . 

We assume a FRW metric ds 2 = dt 2 — a 2 (t) dx 2 and 
consider <f> to be smooth on scales of interest so that X — 
> 0. The energy-momentum tensor of the k-essence 



is obtained by varying the action ([15]) with respect to the 
metric, yielding 



F x d L 
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where the subscript X denotes differentiation with re- 
spect to X. Identifying (|16[) with the energy- momentum 
tensor of a perfect fluid we have the k-essence energy 
density p<f, and pressure p$ 



= F — 2XF 



x 



and 
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(17) 
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Assuming as usual that the energy density is positive, 
we have that F — 2XFx > 0. The equation of state for 
the k-essence fluid can be written as p^ = w^p^, with 
with F > 0, 
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2XF X - F 



(19) 



As long as the condition |2ATFx| <C is satisfied, w<f, 
can be close to —1. 

Besides, the effective sound speed for the kinetic k- 
essence, which is the quantity relevant for the growth of 
perturbations, is expressed as 
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where Fxx = d 2 F/dX 2 . The definition of the sound 
speed comes from the equation describing the evolution of 
linear adiabatic perturbations in a k-essence dominated 
Universe I43| (the non-adiabatic perturbation was dis- 
cussed in [4J] , here we only consider the case of adiabatic 
perturbations) . Perturbations can become unstable if the 
sound speed is imaginary, c 2 < and there would be 
unpleasant consequences for structure formation. This 
is not, however, the case for the Veneziano ghost since 
it is not a physical propagating degree of freedom and 
therefore the notion of the speed of sound does not ex- 
ist in this context. A potentially interesting requirement 
to consider is c 2 < 1, which says that the sound speed 
should not exceed the speed of light, which suggests vio- 
lation of causality. Though this is an open problem (see 
e. g. [45r|5(J). It is important to notice that the k-essence 
models constructed to solve the coincidence problem in- 
evitably give rise to the superluminal propagation of the 
field (Cg > 1) at some stage of the cosmological evolution 

M- 

For a flat FRW metric, applying the Eulcr-Lagrangc 
equation for the field to the action (fT5"]) we find the equa- 
tion of motion for k-essence field 

(F x + 2XF xx )4> + 3HF x <p = 0, (21) 

which can be rewritten in terms of X as 

{F x + 2XF XX )X + 6HF X X = 0. (22) 

If we now change the independent variable from time t 
to the scale factor a. we obtain 



(F x +2XF XX )a 



dX 
da 



6F X X = 0. 



(23) 
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FIG. 4: Variation of F(z) in units of for the ghost dark 
energy model. 




FIG. 5: Variation of jf-(z) in units of MpHo for the ghost 
dark energy model. 



This equation can be integrated exactly, for arbitrary F, 
yielding 



XF% = ha' 6 = fc(l + z) 6 , 



(24) 



where k is a constant of integration [39(. This solution 
had been previously derived in a different form in fill ]. 
Given a function F(X), Eq.(f2"4| allows us to find solu- 
tions X(z) and then the other parameters of the k-essence 
fluid like p^, p<p, and c 2 as a function of the redshift, 
z. The stable nodes of Eq. (f2"5)l were analysed in cor- 
responding to solutions for which either dF/dX\x, = 
or X* = (both with = —1). 

From Eqs. (fT7| .([T9 |) and ([T]), we can obtain the expres- 
sion for F as a function of the z 

F(z) = -p^ W4> = ~3M 2 H 2 (z)n iP (z)w <p (z). (25) 

which is positive since w^(z) < 0. As we have demanded 
that the energy density be positive, Eq. (fTTj) implies that 
Fx < F/2X. Therefore, for kinetic k-essence, F > and 
Fx < imply that > — 1. 



At this point, we focus on the reconstruction of F(X) 
in the redshift range between redshift z = and z = 2 
for contrasting the model against the data. In order to 




X 



FIG. 6: Reconstructed F(X/Xo) for the ghost dark energy 
model. 

establish the correspondence between the GDE and the 
kinetic k-essence, we identify p^ with po and wd with 

By making use of Eqs. ([5]), (|10[) and ©, we can then 
express Eq. (|25[) as 



F(z) 



3Mf>n D (2-n D ) 



(26) 



Also, Eqs. ([5]), (fTUj) . ([2"jl and dU provide an expression for 
A as a function of z 



^d(^d,q ^ 2) 



Q Dfi (2-Q D ) 



(27) 



where X and £Id,o are the current values for X and O^, 
respectively. The stable node of Eq. (f2"5)) is the one for 
which Ao = and w$ = — 1. 

Finally, from Eqs. (|25|) and ([27| we obtain the function 
F = F(X/X ) 



F(X/X ) 



a 2 n D . 



3Af|(2 - n D , )fi|, V A 



(28) 



The behaviour of F as a function of z is shown in Fig. 
4 where we can see that F is positive for an accelerating 
Universe with GDE (as it must necessarily be from Eq. 
([25]) ). Likewise, the evolution of A/Ao as a function of 
z is shown in Fig. 5. 

The kinetic k-essence GDE, represented by the func- 
tion F, is plotted in Fig. 6 as a function of X/Xq. From 
Figs. 5 and 6 we can see the dynamics of the kinetic k- 
essence field explicitly. From Fig. 6 we can see that the 
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reconstructed F = F(X/Xq) is a monotonically decreas- 
ing function of X/Xq, well-behaved and a single valued 
function in the relevant redshift range. This is because 
for X > 0, the sign of ^ff- is related to the value of 
. It is important to indicate that the reconstruction of 
F(X/Xo) only involves the portion of it over which the 
field evolves to give the required H{z). The behaviour of 
this model approaches a de Sitter phase in the late time. 



III. INTERACTING KINETIC K-ESSENCE 
GHOST DARK ENERGY MODEL 

To further study the GDE model, we shall consider a 
possible interaction between DM and DE. The interact- 
ing models were first proposed by Wetterich in an at- 
tempt to lower down the value of the cosmological term 
[5l| . Later on, it was proved to be efficient in alleviat- 
ing the cosmic coincidence problem [52l . l53j unlike the 
ACDM which cannot address it. In addition, the inter- 
action may not only be likely but inevitable |54J. On 



the other hand, ignoring the interaction may result in a 
misled interpretation of the data regarding the equation 
of state of DE. In fact, it has been shown that a mea- 
sured phantom equation of state may be mimicked by an 
interaction 15 5l 15611 . 
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FIG. 7: The evolution of the equation of state, wn, for the 
interacting ghost dark energy model. 

It is usually assumed that both DM and DE only cou- 
ple gravitationally. However, given their unknown nature 
and that the underlying symmetry that would set the 
interaction to zero is still to be discovered, an entirely 
independent behaviour between them would be very spe- 
cial indeed. Assuming that the DE is a field, it would be 
more natural for it to couple with the remaining fields of 
the theory, in particular with DM, as it is quite a general 
fact that different fields generally couple. Moreover, since 
DE gravitates, it must be accreted by massive compact 
objects such as black holes and, in a cosmological con- 
text, the energy transfer from DE to DM may be small 
but non- vanishing. 
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FIG. 8: The evolution of the equation of state, Qd, for the 
interacting ghost dark energy model. 



In spite of the fact that the available empirical data 
cannot discriminate between the existence of a small in- 
teraction and its total absence, there are some indica- 
tions that favour the interaction: (i) The interaction af- 
fects the time required for a self-gravitating, collapsing, 
structure to reach equilibrium as well as the equilibrium 
configuration itself, which implies that the Layzer-Irvinc 
equation [57], EU has to be generalised to include the in- 
teraction. In this regard, it has been observed a small 
interaction when studying the dynamics of a group of 
galaxy clusters [H, H(| • (ii) Since the interaction mod- 
ifies the rate of evolution of the metric potentials, the 
integrated Sachs- Wolfe (ISW) component of the CMB 
radiation is enhanced. In fact, it has been recently dis- 
closed that the late ISW effect has the unique ability 
to provide an insight into the coupling [61| . The cross- 
correlation of galaxy catalogs with CMB maps also sug- 
gests a small interaction [62|. A number of studies have 
been devoted to analyse the constraints on the interaction 
from the probes of the cosmic expansion history by using 
the WMAP, SNIa, BAO and SDSS data, etc. jgHlMil- 
Complementary probes of the coupling have been carried 
out in the study of the growth of cosmic structure (7(il - t73| . 
It has been also found that a non-zero interaction leaves 
a clear change in the growth index [7(3, [Zll ■ See also Ref . 
[7ij for a possible decay of DE into DM consistent with 
the data. 

If DE couples to DM through some interaction, this 
affects the past expansion history of the Universe as well 
as the cosmic structure formation. The matter density, 
p m , drops more slowly than a -3 . A slower matter density 
evolution fits the supernovae data as well as the ACDM 
concordance model does f53j . The interaction also alters 
the age of the Universe, the evolution of matter and ra- 
diation perturbations and gives rise to a different matter 
and radiation power spectra. In the absence of a fun- 
damental theory for DE, the coupling term cannot be 
derived from microphysics. Most studies on the interac- 
tion between dark sectors rely either on the assumption 
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FIG. 9: The evolution of the deceleration parameter, q, for 
the interacting ghost dark energy model. 



of interacting fields from the outset [52J, [55[ , or from phc- 
nomenological requirements (75j . The aforesaid interac- 
tion has also been considered from a thermodynamical 
perspective [jf| |zz| and has been shown that the second 
law of thermodynamics imposes an energy transfer from 
DE to DM. Other authors have analysed the possibil- 
ity of having DM decaying into DE but it is required to 
have at least one of the fluids with a non null chemical 
potential, an assumption that which we believe it is not 
completely acceptable as it introduces too many unjus- 
tified components, and also relies on the assumption of 
a nearly standard evolution of pertubations on interact- 
ing DE models [78| . On the other hand, having a energy 
transfer from DM to DE would worsen the coincidence 
problem fffy . 

In the case of an interaction between GDE and DM, 
their energy densities no longer satisfy independent con- 
servation laws. They obey instead 



3Hp m = Q 



p D + 3H(1 + wd)pl 



(29) 



(30) 



where Q is an interaction term whose form is not unique. 

The time derivative of Eq. © is r = — firj/0|,. More- 
over, from Eqs. (f2"9"| and (j3"0|) we obtain 



Q 



r = 3Hrwo H (1 + r). 

PD 



Considering Wd < — § and Eq. (|3"Tj) we can see 
in the non-interacting kinetic k-essence GDE model r < 
—Hr and a > cannot be achieved simultaneously (see 
[so||). Therefore, in contrast to the recent data which 
indicate r ~ 0(1), r — > eventually. This can be con- 
sidered as an important hint for the need of interacting 
DE. 

The expression for Q must be small (at least lower than 
3Hp m ) because if it were large and positive, DE would 



(31) 



that 



not dominate the expansion today. On the other hand, 
if Q were large and negative, the Universe would have 
been dominated by DE practically from the outset and 
galaxies would not have formed. By inspecting the left 
hand side of Eqs. (f2"9")l and ([3"U]) . it must be a function of 
the energy densities multiplied by a quantity with units 
of inverse of time for which we take the Hubble factor 
as it seems a natural choice. Therefore, we end up with 
an expression such as Q = Q{Hp m ,Hpu)- If we expand 
this function as a power law and keep just the first term, 
we have Q ~ X m Hp m + XoHpo- Given the absence of 
information about the coupling, it makes sense to work 
with just one parameter, so the three possible choices are: 
X m = 0, \d = and A m = Ad. Here in this paper we 
consider the latter choice form 1761 



Q = 3b 2 H{ Pm +p D ), 



(32) 



where b 2 is the coupling constant and 3H is attached 
for dimensional consistency. With this choice for Q, Eq. 
(13T1) takes the form 



3Hrw D + 3b 2 H{l + rf 



(33) 



The positive term b 2 gauges the energy transition from 
DE to DM. A negative b 2 would violate the second law 
of thermodynamics, b 2 is usually taken within the range 
[0,1] [8l|. b 2 = represents the absence of interaction 
whereas b 2 = 1 implies a complete transfer of energy from 
DE to DM. Using the latest observations (golden SN la, 
the shift parameter of CMB and the BAO) and combining 
them with the lookback time data we have that b 2 could 
be as large as 0.2 (see [8^]) although a value of b 2 < 0.04 
is favoured. 

Now, inserting Eqs. © and (J32J) into Eq. (J30J) and 
make use of Eq. §§§ we get the equation of state param- 
eter for the interacting GDE 



1 



w D 



2-n 



D 



1 



2b 2 



(34) 



For late time, when D,^ — ¥ 1, we see that wu crosses 
the phantom divide line because wd = — (1 + 2b ) < 
— 1 irrespective of the value of coupling b 2 . When we 
consider the present epoch, this is, when Qd.q = 0.72, 
the phantom crossing will take place as long as b 2 > 0.1. 
This is compatible with current observations ([HJ). 

The differential equation that governs the dynamics of 
the interacting GDE was obtained in (29^ 



dz 



2(1 



-n, 



i - 



D 



2-0 



D 



1 



262 



(35) 



The evolution of wjj and is depicted in Figs. 7 and 
8 for different values of b 2 . We can see in Fig. 7 the 
phantom crossing for b 2 > 0.1 

The deceleration parameter for the interacting GDE is 
given by 



1 3 _ 13 

1 = o + nW D ilD = ~ - 77 



o 



D 



2 2 (2 - n D ) 



1 



8 



and its variation with respect to z and the effect of the 
interaction in the cosmic evolution for different values of 
the coupling is shown in Fig. 9. We can see that the 
cosmic acceleration starts earlier when the interaction is 
taken into account as DE dominates earlier. Further- 
more, the larger the coupling, the earlier the acceleration 
of the Universe starts. However, the cases with smaller 
coupling will get larger acceleration finally in the far fu- 
ture. 

Exactly as we did in the non-interacting case, we now 
proceed to establish the correspondence between the in- 
teracting GDE and the kinetic k-essence scalar field, i.e. 
we identify their respective energy densities and equate 
wo in Eq. (|34[) with w$. 

Although the GDE model allows the phantom crossing 
for values of b 2 > 0.1, we cannot use the kinetic k-essence 
to mimic this behaviour. The reason behind this is that it 
is impossible for a purely kinetic k-essence to achieve the 
phantom crossing as shown in [84| . Moreover, one cannot 
obtain k-cssence phantom models without quantum in- 
stabilities [Hj]. Therefore, we shall reconstruct F(X/Xo) 
for b 2 < 0.1. This is not too restrictive because in spite 
of the fact that values of b 2 > 0.1 are marginally allowed 
[s3| . most observations give a value for the coupling pa- 
rameter of b 2 < 0.04 [831 or even a smaller b 2 < 0.025 



In order to obtain F(z), we shall use Eq. (|2"5|) . where 
Ud and Ob are respectively given by Eqs. and (f35"|) . 
and H is expressed as 




FIG. 10: Variation of F(z) in units of ^y^- for the interacting 
ghost dark energy model. 




FIG. 11: Variation of j^(z) in units of MpHl for the inter- 
acting ghost dark energy model. 



X as a function of z 



X 

x 



-(*) = 



h 2 [2b 2 + n D (n D - 1) 



{2-Q D )(l + z) 3 



2(O z 



hb 2 -D 



(2-n D , ) 



(38) 



We are now in a position to obtain the function F = 
F(X/X ) numerically. 

Selected curves for F(z) and X/X (z) corresponding 
to different values of the coupling are shown in Figs. 10 
and 11, respectively. The reconstructed F(X/X ) is plot- 
ted in Fig. 10. We learn from these figures that the 
reconstructed scalar field has the same dynamics as the 
non-interacting case, which is due to the smallness of the 
coupling that gauges the interaction in the GDE model. 
This was expected because otherwise the GDE model 
would deviate significantly from the concordance model, 
making it incompatible with observations [8o| . 

In Fig. 11 the effect of the interaction between GDE 
and DM is displayed and we see that flu evolves at a 
faster rate in the interacting case. Moreover, Fig. 14 
shows the point where pu and p m cross, pu = p m , takes 
place earlier when the interaction is present. This latter 
feature is appreciated in more detail in Fig. 15 where the 
dependence of the ratio r = p m / Pd with respect to z is 
depicted. This ratio r decreases monotonously with the 
expansion and varies slowly at the present epoch. This 
reduction is slower when the interaction is considered, 
implying that in this scenario the coincidence problem 
gets substantially alleviated and besides, that DE is de- 
caying into DM in recent epochs. 



H = H^' 2 ^^+^> (37) 

which is different from Eq. (Q} because the interaction 
modifies the expansion history of the Universe. On the 
other hand, combining Eqs. ©, © , 43J} , and ([37]) yields 



IV. CONCLUSIONS 

The Veneziano ghost dark energy (GDE) has been re- 
cently proposed as a new model of dark energy. The 
crucial ingredient, the Veneziano ghost, shows important 
non-trivial physical effects in a dynamical background 
such as our FRW expanding Universe, or in a spacetime 
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X 



FIG. 12: Reconstructed F(X/Xo) for the interacting ghost 
dark energy model. 
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FIG. 13: Variation of Qd and fi m with respect to z for the 
interacting ghost dark energy model. 



with a non-trivial topology. These small effects produce 
a vacuum energy density pu ~ Aq CD H ~ (10~ 3 eV) 4 , 
where Aqcd is the QCD mass scale and 7? is the Hub- 
ble parameter. Given that Aqcd ~ lOOMeF and H ~ 
10~ 33 eU, this has the right value to drive the current 
acceleration of the Universe. The advantages of the GDE 
with respect to other dark energy models include the ab- 
sence of the fine tuning problem and the fact that it can 
be completely explained within the standard model and 
general relativity, without recoursing to any new field, 
new degree(s) of freedom, new symmetries or modifica- 
tions of general relativity. 

For some time, to consider scalar field models of dark 
energy as effective theories of an underlying theory of 
dark energy has been a mainstream idea. In this spirit, 
we have investigated the prospects of reproducing the 
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FIG. 14: Variation of po and p m in units of p cr ,o with respect 
to z for the interacting ghost dark energy model. 
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behaviour of the GDE model with the kinetic k-essence 
scalar field model with an appropriate Lagrangian, also 
studying the case of a possible interaction between dark 
matter and dark energy. For this purpose, we have es- 
tablished a correspondence between the GDE and the 
kinetic k-essence field, by identifying their respective en- 
ergy densities and equations of state, and reconstructed 
the kinetic k-essence GDE model in the region w > — 1. 
Describing the GDE model in a scalar field framework 
provides a more fundamental representation of the dark 
component. Finally, we have executed an exhaustive 
analysis of its evolution and dynamics where we have 
found that it is possible to obtain an equivalent descrip- 
tion of the dark fluid in the case of a purely kinetic k- 
essence Lagrangian and the model is able to reproduce 
the correct behaviour of the cosmological background for 
z < 2. In addition, the coincidence problem gets sub- 
stantially alleviated when the interaction between dark 
energy and dark matter is taken into account. 
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